Supplemental experimental procedures
Resource 
Contact for reagent and resource sharing
Further information and request for resources and reagents should be directed to and will be fulfilled by either Thomas Jessell (tmj1@columbia.edu) or Andrew Murray (a.murray@ucl.ac.uk).
Method details

Balance Beam Assay
The third rightward perturbations and one third without a perturbation. We carried out between three and six behavioral sessions per animal before experimental manipulation (i.e. diphtheria toxin injection) and between three and five sessions after manipulation (starting at 10 days post diphtheria toxin injection). Sessions in which the animal was not actively moving as it received a perturbation (assessed via the EMG trace and high speed video recordings) were not included in the analysis.
Viral Vectors
To ablate LVN or PRN neurons projecting to the lumbar spinal cord we used an adeno-associated virus (AAV) encoding the diphtheria toxin receptor (Azim et al., 2014) . Two weeks after stereotaxic injection of AAV we injected 10 nl of 2 ng/µl mg/ml diphtheria toxin at lumbar level 3.
To selectively express a GFP-tagged synaptophysin in LVNE neurons we generated a FLP-recombinase dependent AAV (pAAV-fDIO-Syn-GFP). The eYFP gene was removed from pAAV-EF1α-fDIO-eYFP (Addgene plasmid 55641; a gift of Karl Deisseroth) via AscI and NheI restriction sites. The coding region for a synaptophysin-GFP fusion protein was inserted inverted between frt sites.
AAV vectors were produced as described previously (McClure et al., 2011) . Briefly, for the AAV plasmid, AAV RepCap sequences for AAV1 and AAV2 and the AAV helper plasmid pFdelta6 was transfected into Hek293 cells using calcium phosphate. After three days the cells were harvested and lysed, and viral particles were purified using a HiTrap Heparin cartridge (Millipore) and concentrated with a centrifugal filter unit (Amicon Ultra).
SAD-B19∆G rabies virus vectors were used for monosynaptic tracing from extensor motor neurons via complementation with the B19 glycoprotein from the RGT mouse line were used to trace monosynaptic inputs to motor neurons. SAD-B19∆G rabies virus was produced as described previously (Osakada and Callaway, 2013; Zampieri et al., 2014) . CVS-N2c∆G rabies virus was used for all other experiments, including expression of channelrhodopsin in LVNE and LVNC neurons and flp-mediated recombination of pAAV-fDIO-Syn-GFP.
Production of CVS-N2c∆G was carried out as described previously (Reardon et al., 2016) .
Mouse Surgery EMG Implant and Recordings
Bipolar EMG recording electrodes were implanted into combinations of GS, TA, VL, ST, GM and BF muscles. Each animal received implants into either four or six muscles, with extensor-flexor antagonists implanted in the same animal. Surgeries were carried out as described previously (Akay et al., 2014) . Briefly, the dorsal neck and right hind-limb was shaved. Incisions were made at the neck and at the hind-limb above the muscles to be implanted. Custom made bipolar electrodes were led under the skin from the neck incision to the leg incisions and implanted into appropriate muscles. The incisions were closed with sutures and the mice were left in their cages for recovery for at least 4 days before recordings began.
Following recovery, implanted EMG electrodes were attached to an amplifier (model: MA 102; custom built in the workshop of the Zoological Institute, University of Cologne) via the headpiece connector at their neck (Akay et al., 2014) . Behavioral testing was recorded via a high speed camera (120 fps for balance beam; 240 fps for treadmill running) using custom built reflectors placed at hind-limb joints (Akay et al., 2014) for later analysis. Kinematic parameters were calculated using MaxTraq 2D software (Innovision Systems).
Stereotaxic Surgery
Stereotaxic injection into the LVN was carried out as described previously (Murray et al., 2015) .
Briefly, animals were anesthetized with 3% isofluorane in oxygen and maintained on 1-2% isofluorane in oxygen. The scalp was cleaned and a horizontal incision made on the top of the skull. A dental drill was used to make a small burr hole at the appropriate position on the skull. Stereotaxic injection coordinates relative to Bregma for the LVN were anterior/posterior -6.05 mm; lateral 1.38 mm. 100 nl of solution was injected at each depth of -4.5 mm, -4.4 mm and -4.3 mm using a Nanoject II (Drummond). The burr hole was filled with sterile bone wax and the skin closed with VetBond. Animals were allowed to recover for at least 48 hours before behavioral testing.
Spinal Cord Injections
Surgery was identical for injection of diphtheria toxin, fluorogold (20 nl of 2% solution in saline), rabies virus (300 nl of EnvA-pseudotyped rabies virus) or AAV2/1 (200 nl) into the lumbar spinal cord.
Animals were anaesthetized with 3% isofluorane in oxygen and maintained in 1-2% isoflourane for the duration of the surgery. The fur along the back rostral to the hindlimbs was shaved, the area cleaned and an approximate mm slit was cut in the vertebrae. Injections were carried out at -1.00 mm from the dorsal surface of the spinal cord to target the ventral horn. The incision was closed with sutures and animals were allowed to recover for at least 48 hours before any behavioral testing.
Ablation of lumbar spinal projecting LVN neurons
AAV-DTR-GFP was injected into the LVN (see Stereotaxic Surgery) and allowed to express for at least three weeks. During this time EMG recording electrodes were also implanted into the hindlimb. Control recordings were made from at least three separate sessions with each session including treadmill and balance beam trials.
Animals then underwent a lumbar spinal injection of diphtheria toxin (10 nl of a 2 ng/ul DT solution) directly into the spinal cord at an angle of 10° and depth of 1.00 mm from the cord surface. Animals were allowed to recover for two weeks before continuation of recordings. After the final set of EMG recordings the animals received a spinal injection of 2% fluorogold (50 nl in PBS) to label descending neurons. The number of fluorogold positive neurons in the LVN was used to quantify the effectiveness of the ablation.
Muscle Inoculation of Rabies Virus
For rabies tracing experiments, ChAT-CRE::RGT animals at postnatal day 4 were anesthetized with 4% isofluorane in oxygen and 2 µl of RV∆G-GFP-EnvA or RV∆G-GFP was inoculated with a glass capillary either into the GS, TA, VL or BF muscle visualize for monosynaptic inputs to motor neurons. Animals were sacrificed 6 days later by transcardial perfusion with phosphate buffered saline followed by 4% paraformaldehyde in phosphate buffer.
Histology
For histological analysis, mice were transcardially perfused with phosphate buffered saline (PBS), then 4% paraformaldehyde (PFA) in phosphate buffer. Brains and spinal cords were postfixed in 4% PFA for 2 hours at 4°C, washed in PBS and cryoprotected in 30% sucrose in PBS for 24 hours. The tissue was cut into blocks and frozen on optimum cutting temperature (OCT) compound. 50 µm sections were cut on a Leica cryostat.
Where required immunostainng was carried out as previously described (Zampieri et al., 2014) . To aid histological identification of brain regions and the location of viral injections sections were counterstained with the fluorescent nissl stain, Neurotrace (Life Technologies). Imaging was carried out on a on a Zeiss LSM 510 or 710 confocal. Brain and spinal cord sections were tile scanned and automatically stitched together with Zeiss Zen software.
Optogenetic Activation of LVNE or LVNC neurons
For optogenetic activation of LVNE neurons, neonatal ChAT::Cre mice were injected into the GS muscle with a combination of cre-conditional AAVs encoding the TVA receptor and the CVS-N2c glycoprotein.
Two to Three weeks later EnvA-pseudotyped CVS-N2c rabies virus encoding ChR2 (Reardon et al., 2016) was injected into the lumbar spinal cord. A fiber optic cannula comprised of a zirconia ferrule housing an optical fibre (200 μm core diameter, length 6.1 mm; Doric Lenses) was inserted into the LVN (from Bregma: anteriorposterior 6.05 mm; lateral 1.35 mm; depth 4.5 mm). The ferrule was secured to the back of the skull using dental cement as described (Azim et al., 2014) . Optical stimulation was carried out between 12 and 16 days after
